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（秀屿区政府）和福州（紫阳观测站）设置采样站点，于 2011 年 10 月、2011




1. 厦门、泉州、莆田和福州四个站点 PM2.5浓度年均值分别为 49.93 µg/m
3、
53.18 µg/m
3、48.77 µg/m3 和 54.56 µg/m3，季节变化规律为春季＞冬季＞秋季＞
夏季。 











值均高于 1。四个站点总的元素浓度年平均值分别为 6.10 µg/m3、6.60 µg/m3、5.71 
µg/m
3和 6.16 µg/m3，占 PM2.5的百分比为 12.21%、12.40%、11.71%和 11.30%，
富集因子显示 K、Ca、Na、Mg、Al、Fe、Ti 等元素主要是地壳来源。四个站点
年均 PM2.5 中 OC 的质量浓度分别为 8.89 μg/m
3、9.75 μg/m3、7.43 μg/m3和 10.74 
μg/m
3，EC 的年平均质量浓度分别为 1.19 μg/m3、1.39 μg/m3、0.99 μg/m3和 1.80 
μg/m
3， OC、EC质量浓度的相关系数R2在0.37~0.45之间，表明全年PM2.5中 OC、




























别为 42.69%、42.39%、40.06%和 32.77%，汽车尾气贡献分别为 13.28%、10.03%、
13.09%和 22.76%，木材燃烧贡献分别为 15.25%、17.64%、18.69%和 17.03%，






 5. PMF 模型解析结果显示，解析出来的六个因子分别为二次颗粒、生物质
燃烧、土壤及建筑尘、重油燃烧、汽车尾气以及燃煤尘。二次颗粒是主要的污染
物，贡献分别为 55.96%、38.07%、40.67%和 32.88%。汽车尾气贡献分别为 18.04%、
























PM2.5 can influence atmospheric visibility and residents respiratory diseases to a 
great extent, and its source apportionment based on the chemical compositions is very 
important for local government to take scientific measures to reduce its atmospheric 
level. Four sampling sites including Xiamen Hongwen Primary School (XM), 
Environmental Proctection Burean of Quanzhou (QZ), Xiuyu District Government, 
Putian city (PT) and Ziyang automatic air monitoring station in Fuzhou (FZ) were 
selected to collect PM2.5 in October, 2011, Novermber 2011, January 2012, April 
2012 and July 2012. The samples were analyzed for water-soluble ions, organic 
carbon (OC), elemental carbon (EC) and inorganic elements. Factor analysis (FA) in 
combination with two receptor models (CMB and PMF) were used to quantify the 
possible emission sources of PM2.5. The main results are as follows: 









 at XM, QZ, PT and FZ sampling sites, respectively. The highest 
levels of PM2.5 were found in spring followed by winter, fall and summer. 













 and 21.64 µg/m
3 
accounting for 47.76%, 46.35%, 49.53% 





 ranged from 0.45 to 0.51 indicating that coal combustion contributed more 
sulfate than nitrate in respect to vehicle exhausts. The ratio of anion ions to cation 
ions in the unit of micro-equivalents per cubic meter (meq/m
3
) was higher than one 
suggesting that there were insufficient cations present to balance anions. As for 
inorganic elements, their total concentration ranged from 5.71 µg/m
3
 to 6.16 µg/m
3 
accounting for around 12% of PM2.5. Enrichment factor analysis indicated that Fe, Al, 









 at XM, QZ, 
PT and FZ sites, respectively. Seasonal variations of OC and EC were characterized 
as higher in winter/spring and lower in fall/summer. The correlation analysis between 
OC and EC with R
2
 in the range of 0.37-0.45 suggested that they might come from 
similar emission sources. However, the correlation coefficients in fall/spring were 
greater than those in in winter/summer.  
3. Mass balance results showed that seven major components (soil dust, trace 





















and 85.67% at XM, QZ, PT and FZ sites, respectively. The highest content in PM2.5 







) accounted for 43.57%, 42.67%, 44.76% and 42.67% at XM, QZ, PT and 
FZ site, respectively. Based on the factor analysis results, a total of six principal 
components including secondary particles, vehicle eahausts, biomass burning, crude 
oil combustion, soil/constructive site fugitive dusts, coal combustion dusts and sea 
salt were identified. 
4. The CMB model results showed that the three major sources were secondary 
particles (from 32.77% to 42.69%), vehicle eaxhaust (from 10.03% to 22.76%) and 
biomass burning (from 15.25% to 18.69%). The highest contribution of heavy oil 
combustion was found in summer suggesting a possible contribution of chimney 
exhausts from boats and ships, while the highest contribution of secondary sulfate and 
nitrate was found in winter. The contribution of biomass burning was found higher in 
fall/winter and lower in spring/summer.   
5. A total of six emission sources were identified using PMF model. The highest 
contribution was secondary particles (from 32.88% to 55.96%) followed by biomass 
burning (from 6.55% to 20.68%), soil/construbtion site fugitive dusts (10.74% to 
16.98%) and vehicle eaxhausts (from 2.86% to 18.04%). Take QZ site for example, 
both secondary particles and soil dusts contributed more in April than those in other 
periods. Heavy oil combustion was also found higher in summer than in other seasons 
similar to the result using CMB. However, highest contribution of coal combustion 
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90年代后，气溶胶的研究方向主要转移到细颗粒物方面（刘彦等, 2004; Chu and 
paisie et al., 2006 ; Rinehart et al., 2005 ; Bari et al., 2003 ; Long et al., 2003 ; 
Rattigan et al., 2006 ; Sawant et al., 2004 ; Lewandowski et al., 2007 ; Bae et al., 
2006 ; Na et al., 2004 ; Qureshi et al., 2006 ; Gao et al., 2002 ; Arx et al., 2004 ; 














































    目前国内外已经做了许多关于PM2.5的研究工作，主要集中在PM2.5的质量浓
度、化学组成、来源解析、能见度的影响、气候的变化以及对人体健康的影响。
下面将主要就这几方面的研究工作进行综述。 




mode）、粒径0.08~2 µm的积聚模态（Accumulation mode）和粒径大于2 µm的粗
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（OC）等存在于这一粒径范围之内。不过，不同的文献对细粒子和租粒子的粒
径分界的各种规定稍有差别，一般认为分界线在 2.0~3.5 µm 之间（唐孝炎等, 
2006）。US EPA提出的颗粒物主要是基于粗、细粒子的界限，而不是基于颗粒
物进入呼吸系统某些部位的能力。不过，ISO 提出的易引起儿童和成人发生肺部






图 1.1 大气颗粒物的三模态分布 
Fig 1.1 Three mode distribution of atmospheric particles 
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